ABSTRACT
INTRODUCTION
Quickly developing electronic industry puts before chemical science problem searching for of the new compounds, possessing valuable electrophysical characteristics and their deepened physic-chemical study. Such are, in particular, hard melting complex oxides. The Special interest present the complex oxides and formed by them hard solutions, containing d-elements, differing broad area of homogeneity, expressed dielectric, semiconductor, superconductive, optical and the other characteristic.
The electrical properties of solid solutions with broad homogeneity ranges vary systematically with composition, which enables the fabrication of materials with tailored properties. There is considerable research interest in refractory mixed transition metal oxides and their solid solutions, which have broad homogeneity ranges and attractive dielectric, semiconducting, superconducting, optical and other properties [1, 2] . Divalent metal orthotitanates are widely used in semiconductor technology as bulk resistors and microwave ceramics [2] . ZnO enriched zinc orthotitanate was proposed as a candidate material for nonlinear and bulk resistors [3] .
In a recent x-ray diffraction study [4] , two phases (α and β) with broad homogeneity regions were identified in the Zn 2 TiO 4 -Zn 2 ZrO 4 -ZnFe 2 O 4 system at 1170 K. The α-phase crystallizes in a cubic structure and the b-phase in a tetragonal inverse spinel structure. Their stability limits and the structural parameters of Zn 2-x (Ti a Zr b ) 1-x Fe 2x O 4 samples were determined, and the cation distribution over the tetrahedral and octahedral interstices in the oxygen sublattice of the spinel structure was assessed. Electrophysical parameters of formed hard solution were not studied earlier.
In this paper, we report the electrical properties of solid solutions in the Zn 2 TiO 4 -Zn 2 ZrO 4 -ZnFe 2 O 4 system.
METHODS OF THE EXPERIMENT
The Syntheses of Zn 2-x (Ti a Zr b ) 1-x Fe 2x O 4 (where x = 0, 0 -1.0; x = 0.05; a + b = 1) were realized in two ways-in low temperature plasma of hydrogen-oxygen flame [5] and well-known ceramic technology. As source material were a used especially purec reagents: ZnО, TiО 2 , Fe 2 O 3 and ZrO 2 . For the synthesis were prepared by a mixture of 
RESULTS AND DISCUSSION
It was established the identity of the investigated physical properties of samples of identical compositions synthesized in low-temperature plasma and ceramic technology. The following are data from the study of the samples synthesized at low temperature plasma. All of the synthesized samples are dielectrics with semiconducting behavior of conductivity with specific resistivity from 10 7 to 10 12 ohm·cm. Comparison of the results obtained values of electrical parameters and the constructed composition-property diagram сonfirms biphasic of system Zn 2 TiO 4 -Zn 2 ZrO 4 -ZnFe 2 O 4 and (1170 K) and the boundaries of homogeneous phases ( Table 1) previously established by X-ray diffraction method [5] . In Table 2 shows the values of the density of single-phase samples, certain pycnometric method at room temperature. As can be seen from these data, a significant change in the density of solid solutions in the whole concentration range is observed.
α-phase. The results of measurements of electrical parameters of the α-phase are shown in Table 2 . As can be seen from these data, the electrical properties of solid solutions are most sensitive to iron content.
Changes in the relative content of titanium and zirconium, with a constant iron content does not lead to significant changes in the physical properties ( Table 3) . For example, a value of x = 0.7 (1.4 mol of iron content) change in the ratio a:b 1:5 to 4:1 leads to an increase in conductivity of one order (2.34 × 10 −9 to 5.01 × 10
). At the same time slightly decreases the band gap (1.31 eV to 1.08 eV) and the dielectric constant and polarization parameters are changed slightly. While the increase in iron content in the α-phase leads to an increase in the specific conductivity of solid solutions of 2 -3 orders of magnitude, depending on the relative content of titanium and zirconium.
Depending on the electrophysical parameters of the samples from the α-phase composition are almost linear for all tested values of a:b. In Figure 1 shows the graphical dependence of the electrical conductivity and dielectric constant of solid solutions of α-phase system for cutting a:b = 3:1. As can be seen from the data Table 2 , the polarization characteristics of the samples at the same time did not significantly change.
β-phase. The results of measurements of electrical parameters of samples are given in Table 3 . Samples of β-phases are more low electrical conductivity. As in the case of α-phase, increasing iron content leads to a decrease in the band gap and hence to an increase in electrical conductivity of the samples. The lowest conductivity observed in the solid solution containing no iron, and contains the maximum number of zircon (x = 0, a:b = 1:5). ). Depending on the electrophysical parameters of the samples as the α-and β-phases of the composition are almost linear for all tested sections. In Figure 2 shows the dependence of these cuts for a:b = 1:3 and a:b = 1:5.
An exponential dependence of the electrical conduction of samples as the α-and β-phases of the temperature (Figure 3) . Raising the temperature from 293 to 900 K leads to an increase in conductivity up to 4 orders of magnitude. Significant changes in the densities of the samples throughout the concentration range is not observed (Table 4) . The proportional dependence of the electrical conductivity of samples of the content of Fe 3 and semiconductor conductivity indicate the donor-acceptor mechanism of the electrical conductivity of the samples can be explained to the valence exchange (electron hopping) between the iron ions: Fe nium and zircon content, accompanied by a decrease in iron content, do not lead to an increase, but on the contrary, a significant reduction in the electrical conductivity of the samples. A similar pattern is also observed when replacing ions Sn 4+ by Fe 3+ [6] .
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CONCLUSION
Were synthesized and investigated the electrical properties of samples of a multicomponent system Zn 2 ZrO 4 -Zn 2 TiO 4 -ZnFe 2 O 4 . In the system formed two phases with wide homogeneity ranges. It was established that all the synthesized samples are semiconductors with high electrical resistivity. The values of electrical conductivity, band gap, dielectric constant and molar polarizability of the solid solution compositions Zn 2-x (Ti a Zr b ) 1-x Fe 2x O 4 were determined. All the studed properties vary linearly with the composition of the solid solutions. Increased iron content leads to a significant increase in conductivity of the samples (up to 3 orders of magnitude), simultaneously the width of the band gap and polarizability of the samples decreased.
